Radiative corrections for precision electron-proton
scattering

Jaseer Ahmed Peter Blunden

Department of Physics and Astronomy
University of Manitoba

CFNS Ad-Hoc Meeting: Radiative Corrections, BNL
July 09, 2020

In collaboration with Wally Melnitchouk
arXiv:2006.12543 (2020)

Ahmed, Blunden (UofM) TPE in e-p Scattering Ad-Hoc Meeting: RC (2020) 1/20



N
Table of Contents

@ General Framework
e OPE
o TPE

© Two Photon Exchange
@ Review
@ Resonance Contributions for W < 1.8 GeV

9 TPE Results

® vy

@ Finite Resonance Width
e TPE Sensitive Observables

o o(etp)/o(e p)

o PT/PL

° 1,Gr/Gu

e SSA

Ahmed, Blunden (UofM) TPE in e-p Scattering Ad-Hoc Meeting: RC (2020) 2/20



G
Born Approximation
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Experimental cross section is not Born cross section !

(E)exp = (m)o (1+4); & — Radiative Corrections.
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General Framework RIS

Two Photon Exchange
TPE Amplitude M., = MO + M0 MEPX — purely real!
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Two Photon Exchange Review

Approaches
o GPD approach: (PhysRevLett.93.122301)
Valid only in large momentum transfer; s, t,u| >> M?

@ Hadronic Degrees of Freedom:

o Low to moderate (Q? < 5 GeV?)

Direct Loop integration (real part)

Sums/products of monopole form factors

Half off-shell form factor ambiguity

Divergence in the forward angles (high energy) limit for A resonance !

@ Dispersive approach:
M. Gorchtein (Phys.Lett.B644,322(2007)),
Borisyuk and Kobushkin (Phys. Rev. C78, 025208 (2008)),
Tomalak and Vanderhaeghen (Eur. Phys. J. A51, 24 (2015))
e Sum of monopole form factors.
Blunden et al. (PRC 95, 065209 (2017)) = More generalized class of
form factors
Applied for all 3 and 4-star resonance intermediate states with
W < 1.8 GeV
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Two Photon Exchange
Dispersive Method
S=1+iM

SIS =1 —iMN(1+iM) =1
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Rz e (2 U7 < LD G
Dispersive Method

S=1+iM on shell
StS=01-iMHa+iM)=1 B kl/ .
Unitarity — —i(M — M") = 2Im M = MIM a3l ilsa, ,
P p
L1 A3k . ,

@ On-shell intermediate lepton & hadron: Im M., = Im(Fll, FQI, Ga/)
@ On-shell parametrization of hadronic transition current

o Resonance intermediate states: A(1232)3/2%, N(1440)1/2%,
N(1520)3/2~, N(1535)1/2~, A(1620)1/2~, N(1650)1/2",
A(1700)3/2-, N(1710)1/2+ and N(1720) 3/2+

@ CLAS exclusive meson electroproduction data for A/, A3/, and Sy /5
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Two Photon Exchange Resonance Contributions for W < 1.8 GeV

Dispersion Relations

Re F{(Q%v) = 2P [ dv —*— Im F{(Q* V)

m Vmin

Re Fj(Q%v) = 2P [," dv' ontos Tm F3(Q%, )
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ReGL(Q%,v) = 2P [ dv' X Tm G,(Q2, V)

Vmin

o Integrals extend into unphysical region (cosf < —1)
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@ Analytically continued into the unphysical region (PRC 95, 065209)
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Two Photon Exchange Resonance Contributions for W < 1.8 GeV

Technical Overview

1 Im Ly, H* LiH
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Unitarity : I; = dQ ) Ll X2
s TG 9

@ f;; are polynomial of combined degree 4 in Q%’Q

o G;;(Q3,) : transition form factors at hadronic vertices;
(4,5 =1,2,3)
° Gm(Qiz) S AL direct fit to CLAS A;, data

o Numerical contour integration (PRC 95, 065209 (2017))
= Arbitrary functional forms for G; ;(Q7 5)
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TPE Results a2

@ TPE cross section correction from individual resonances:

02,
0.1 1
; 0.0f== )
w© —0.1 w
-1
-02
03 > (b)
' 0.2 04 06 08 10
& &
— A(1232) 3/2% ... N(1440) 1/2*
3 —_N(1520) 3/2~ — N(1535) 1/2"
_4 ©3i A(1620) 1/27 N(1650) 1/2-
0.2 04 0.6 03 10 - A(1700) 3/27 - N(1710) 1/2*
e —— N(1720) 3/2*

Ahmed, Blunden (UofM) TPE in e-p Scattering Ad-Hoc Meeting: RC (2020) 9/20



TPE Results a2

@ Total TPE cross-section correction Vs. virtual photon polarization ¢

Nucleon
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@ TPE cross section correction as a function of Q?:
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TPE Results Finite Resonance Width

@ Assumed continuum of W2 as an infinite set of §(W?2 — W?2), for
each resonance. A Breit-Wigner distribution is used.
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o Constant total decay width washes away the cusps!
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TPE Results Finite Resonance Width

@ Assumed continuum of W2 as an infinite set of §(W?2 — W?2), for
each resonance. A Breit-Wigner distribution is used.
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o Constant total decay width washes away the cusps!
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o Negligible width effect on total TPE cross section magnitude and
slope. arXiv:2006.12543 (2020)
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TPE Sensitive Observables CACREAYCACME?)
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aete)(e(Te)
o VEPP3 result:
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@ OLYMPUS result:
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TPE Sensitive Observables
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TPE Sensitive Observables SR

Beam/target normal Single Spin Asymmetry (SSA)

@ Beam/target normal single spin asymmetry :
g4+ — O
QSA = L — 94
or+0oy
L . k x k'
@ Polarization vector parallel or anti-parallel to S, = W
X

@ Time reversal invariance and unitarity:
2Im( Y7 Mz.AbsM.,)

spins

2 [M,[?

spins

SSA =

SSA = B, or A,
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TPE Sensitive Observables SR

Beam Normal SSA:
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TPE Sensitive Observables SR

Beam Normal SSA:
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Target Normal SSA
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2
Summary

e N(1520)3/2 is the major contributor for higher Q2
e Elastic nucleon alone is a good approximation for Q% < 1 GeV?

@ Overall enhancement in the TPE cross section correction at
Q? > 3 GeV?

@ Width effect is negligible
@ Proper inclusion of TPE resolves 11,Gr/G s discrepancy
o Need more data in the higher Q2 region

@ Follow up work: inclusion of non-resonant background and spin 5/2
resonances.
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Summary

e N(1520)3/2 is the major contributor for higher Q2
e Elastic nucleon alone is a good approximation for Q% < 1 GeV?

@ Overall enhancement in the TPE cross section correction at
Q? > 3 GeV?

@ Width effect is negligible
@ Proper inclusion of TPE resolves 11,Gr/G s discrepancy
o Need more data in the higher Q2 region

@ Follow up work: inclusion of non-resonant background and spin 5/2
resonances.

Thanks !
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